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AIR BEARING TAPE SUPPORT FOR GUIDING 
TAPE AND SENSING TAPE TENSION 

this application is a continuation of application Ser. 5 
No. 787,007, ?led on Oct. 11, 1985, now abandoned, 
which is a continuation of application Ser. No. 557,571, 
?led on Dec. 2, 1983, now abandoned. 

DESCRIPTION 

1. Technical Field 
This invention relates to an air bearing tape support in 

a tape drive which is capable of simultaneously guiding 
the tape over a tape path while sensing tape tension. 

2. Background Art 
Data processing systems have traditionally utilized 

magnetic tape as a data storage medium. Typically, the 
magnetic tape is wound and rewound between reels in a 
reel-to-reel tape drive. The magnetic tape is guided past 
a read-write head by bearings which provide an inter 
face of forced air with the magnetic tape to lower fric 
tion forces between the tape and bearing surface and 
which permit rapid acceleration and deceleration of the 
magnetic tape. Since information is stored on the mag 
netic tape in a very dense format, it is necessary that the 
tape path be accurately controlled so as to provide 
accurate data writing and reading. 
Three functions that a reel-to-reel tape drive must 

provide are: sensing tension in the tape; buffering or 
decoupling the tape at the magnetic head from any 
perturbations arising at the reels; and, reliably guiding 
the tape along the tape path. In conventional reel-to 
reel tape drives, a separate station is required to accom 
plish each of these three functions. That is, a ?rst appa 
ratus senses tape tension, a second apparatus decouples 
the tape at the head from any perturbations arising at 
the reels, and a third apparatus guides the tape along the 
tape path. It would be most desirable in a reel-to-reel 
tape drive to have one station perform all of the these 
three required functions. Not only would such a station 
signi?cantly decrease the cost of a reel-to-reel tape 
drive but it would also result in a more reliable tape 
drive having a single ?eld replaceable unit instead of 
three ?eld replaceable units. Additionally, using a single 
station over which the magnetic tape must pass substan 
tially reduces the tendency for tape vibrations. 
The use of a pressure transducer in a reel-to-reel tape 

drive to determine tape tension is known in the prior 
art. Typically, the tape is passed around an arcuate 
surface having apertures through which a gaseous me 
dium can be supplied to provide a supporting gaseous 
cushion between the tape and the arcuate surface. The 
arcuate surface has one or more sense ports over which 
the tape passes. A pressure measuring device is con 
nected with the sense ports for determining the pressure 
between the tape and the arcuate surface. Since tape 
tension is directly proportional to the pressure mea 
sured by the sense ports, the tension on the tape can be 
readily determined. 
However, two problems arise which are not ad 

dressed by the prior art. The ?rst problem arises when 
contaminants clog the sense port so that the pressure 
between tape and arcuate surface cannot be determined. 
The second problem arises as a result of vibratory 
movement of the tape across the arcuate surface. When 65 
tape vibrations occur, the distance between tape and 
sense port can change dramatically with an attendant 
loss in accuracy of pressure and hence tension mea 
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sured. Additionally, the vibrating tape can come in 
contact with the sense port shutting it off and thus ren 
dering the sense port useless as a pressure measuring 
device. The vibrations are induced by disturbances 
which are generated at the take-up reel in the tape 
drive. Tape vibration has a frequency of 100 cycles per 
second or higher whereas disturbance is irregular and 
has a frequency below 100 cycles per second. 
As a result, it would be most desirable to provide a 

pressure measuring transducer having the ability to 
measure tape tension in the presence of contaminants. It 
would also be desirable to control tape vibratory mo 
tion by preventing disturbances at the take-up reel from 
inducing vibrations at the arcuate surface of the pres 
sure transducer. This would enable more accurate mea 
surement of the pressure existing between the moving 
tape and the arcuate surface around which the tape is 
passed. To accomplish these results, a purging means is 
provided for clearing a sense port of contaminants. 
Additionally, a guiding ?ange is provided which posi 
tively guides the tape in the tape drive while greatly 
reducing the vibratory motion of the tape. 

Accordingly, it is an object of this invention to pro 
vide an improved reel-to-reel tape drive. 

It is another object of this invention to provide a 
reel-to-reel tape drive wherein the functions of guiding, 
decoupling, and tension sensing are accomplished using 
a single tape drive station. 

It is still another object of this invention to provide a 
reel-to-reel tape drive wherein a guiding ?ange pro 
vides positive guiding of the tape while simultaneously 
decoupling the tape from the tape reels so as to mini 
mize tape vibration. 

It is still a further object of this invention to provide 
a reel-to-reel tape drive wherein means are provided for 
clearing contaminants from the sense port in a pressure 
transducer used to determine tape tension. 

DISCLOSURE OF THE INVENTION 

The present invention relates to a tape support in a 
reel-to-reel tape drive which provides guiding of the 
tape, sensing of tape tension, and disturbance decou 
pling between the take-up reel and bearings which 
guide the tape over the read-write head. This tape sup 
port is connected to a solid state sensing transducer 
which is able to determine tape tension from the pres 
sure measured between the tape and the surface of the 
tape support around which the tape passes. 
A port in the surface of the tapesupport around 

which the tape passes is used to sense the pressure be 
tween the tape and the surface of the tape support. A 
sense line is connected between the port and the solid 
state sensing transducer. This sense line communicates 
the pressure measured at the port to the solid state sens 
ing transducer. There is no air How in this sense line. 
The compacting of air molecules within the sense line 
reflects the pressure sensed at the port. The compaction 
of air molecules provides to the solid state sensing trans 
ducer a measure of the pressure sensed at the port. 
A purge line is located at the port end of the sense 

line. This purge line provides a continuous air flow out 
of the sense line. The tape support has a plenum through 
which air under pressure is directed. Apertures in the 
surface of the tape support allow this air to be directed 
over half of the surface of the tape support so as to 
provide an air cushion over which the tape passes. This 
air cushion is known in the art as a hydrostatic air bear 
ing, and the surface over which the tape passes is known 
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as an air bearing surface. The air bearing surface ex 
tends only over half of the tape support. 
The purge line is connected to the same source of 

pressured air which provides the air bearing. Thus, as 
long as air is being provided under pressure through the 
apertures in the tape support, the purge line will also be 
operational to clear contaminants from the sense port. 
The continuous flow of air from the purge line out 
through the sense port reduces the possibility of the 
tape getting stuck on the sense port due‘to a vacuum in 
the sense line. If the tape were to become stuck on the 
sense port by a vacuum in the sense line, no more pres 
sure sensing would be possible until the tape were re 
moved from the sense port. If the tape seals the sense 
port for other reasons, such as high tape tension or 
sticking caused by friction (commonly called tape stick 
tion), the purge line will increase pressure within the 
sense line to a maximum level. This increased pressure 
trips a tension error sensor in the solid state sensing 
transducer. 
The tape support has a substantially cylindrical shape. 

The tape is passed along the arcuate surface of this 
substantially cylindrical tape support. Aftixed to the top 
and bottom ends of the tape support are ?anges which 
act to guide the tape. Each of the ?anges is composed of 
two semidisk- shaped halves which are joined together 
so as to form one disk-shaped member. One half of the 
disk-shaped member has a peripheral portion of a thick 
ness which is less than the thickness of the peripheral 
portion of the other half of the disk-shaped member. 
The thinner section of the disk-shaped member is lo 
cated on the half of the tape support which has the air 
bearing surface over which the tape passes. The re 
duced thickness of the ?anges on the air bearing side of 
the tape support forms vents so that the air from the 
apertures in the air bearing surface can escape and the 
edge of the tape will not be in contact with the ?anges. 
The vertical spacing between the top and bottom 

?anges on the air bearing side of the tape support is 
somewhat wider than the width of the tape. On the air 
bearing side of the tape support, the tape is free from 
vertical edge guiding. All vertical edge guiding occurs 

. at the points where the ?anges are thicker and the tape 
is not supported by an air bearing, i.e, where the two 
semidisk-shaped members are joined. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an illustration of a reel-to-reel magnetic tape 
drive according to the present invention. 
FIG. 2 is an enlarged view of the tape support assem 

bly according to the present invention. 
FIG. 3a is sectional view of the tape guiding appara 

tus of the tape support assembly. ' 
FIG. 3b is a top view of a tape guiding ?ange shown 

in sectional view in FIG. 3a. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to FIG. 1, magnetic tape 11 is unwound 
from supply reel 19, traverses past read bearing 12, 
write bearing 13, magnetic head 14, decoupler column 
15, tape support 16, and is wound onto take-up reel 18. 
Tape support 16 has a sense port 17 for determining the 
pressure existing between tape 11 and tape support 16. 
The tension on magnetic tape 11 can then be determined 
based upon the pressure sensed. As shown in FIG. 1, 
take-up reel 18 and supply reel 19 change diameter as 
the tape drive 10 is operated When supply reel 19 is ?rst 
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loaded into tape drive 10, it has a diameter represented 
by circle 44. At this time, take-up reel 18 has a diameter 
represented by circle 41. As the operation of tape drive 
10 continues, supply reel 19 has a diameter represented 
by circle 45 and take-up reel 18 has a diameter repre 
sented by circle 42. Finally, at the conclusion of a drive 
operation, supply reel 19 has a diameter represented by 
circle 46 and tape-up reel 18 has a diameter represented 
by circle 43. Thus, all of tape 11 has been unwound 
from supply reel 19 and rewound onto take-up reel 18. 
As can be seen in FIG. 1, the angles that tape 11 makes 
with decoupler column 15 and tape support 16 change 
during the operation of tape drive 10. 
As further shown in FIG. 1, the wrap angle that tape 

11 makes around tape support 16 is on the order of 180° 
with slight changes due to changes in reel diameter as 
heretofore explained. Having a wrap angle of this mag 
nitude minimizes the in?uence of take-up reel 18 on tape 
11 at read bearing 12. As a result, the possible vibrations ' 
of tape 11 at read bearing 12 induced by disturbances at 
take-up reel 18 are substantially reduced. The possible 
vibrations of tape 11 at write bearing 13 induced by 
disturbances at supply reel 19 are reduced by decoupler 
column 15. 
The tension on tape 11 is equal to the pressure sensed 

by port 17 multiplied by the width of tape 11 multiplied 
by the air bearing radius. The air bearing radius includes 
the radius of tape support 16 as well as the distance 
between the air bearing surface of tape support 16 and 
the surface of tape 11. As can be seen from this relation 
ship, the tension on tape 11 is directly proportional to 
the pressure sensed by sense port 17. 
The structure and operation of tape support 16 will 

now be presented in more detail using FIG. 2. As can be 
seen, tape support 16 has a substantially cylindrical ‘ 
con?guration. Solid state sensing transducer 22 is in 
serted into a cavity in the bottom side of tape support 
16. Sense line 29 extends from silicon crystal 21 within 
transducer 22 into the body of tape support 16 and 
terminates at sense port 17 . Silicon crystal 21 produces 
an output proportional to the air pressure sensed at port 
17 . Purge line 28 provides a flow of air out of sense port 
17 thus preventing contaminants from clogging the 
opening of port 17. There is no air ?ow from purge line 
28 down sense line 29 towards silicon crystal 21. The 
compacting of air molecules within sense line 29 re?ects 
the pressure sensed at port 17. 
The operation of solid state transducer 22, sense line 

29, and sense port 17 is similar to a ?apper valve. Tape 
11 is analogous to the ?apper while sense port 17 is 
analogous to the nozzle in a ?apper valve. The major 
difference between a standard ?apper valve and the ' 
operation detailed herein is that there is no air ?ow to 
solid state transducer 22. 

In operation, solid state sensing transducer 22 is first 
calibrated putting a known amount of tension on tape 
11. Transducer 22 produces an output voltage which is 
proportional to the gain of transducer 22 multiplied by 
the air pressure measured at sense port 17, plus an offset 
voltage dependent upon the transducer 22. Once trans 
ducer 22 has been calibrated, then the output voltage of 
transducer 22 will provide a direct indication of the 
pressure existing at sense port 17 and hence the tension 
on tape 11. By performing the calibration in this man 
ner, the output voltage of transducer 22 can be used to 
directly determine the tension on tape 11. The values of 
the pressure sensed at port 17, the width of tape 11, and 
the radius of tape support 16 will all be subsumed in the 



4,842,177 
5 

output voltage of transducer 22. Thus in order to deter 
mine the tension on tape 11, it will only be necessary to 
measure the output voltage of transducer 22. 

Arcuate surface 23 forms the air bearing surface over 
which tape 11 passes. Small apertures 37 (FIG. 3a) in 
arcuate surface 23 allow air under pressure to be forced 
out through apertures 37 so as to provide an air cushion 
over which tape 11 travels. Apertures 37 are located in 
only half of arcuate surface 23. This will be explained in 
greater detail with relation to FIG. 3a. The creation of 
such an air bearing surface is well known in the art and 
need not be detailed herein. Purge line. 28 is connected 
to the same supply of pressurized air which creates the 
air bearing surface. As long as an air bearing surface is 
created by the expelling of air through apertures 37 in 
arcuate surface 23, purge line 28 will be effective to 
force contaminants out of the opening of sense port 17. 
The air ?owing out of sense port 17 will also prevent 
tape 11 from collapsing on port 17 due to a vacuum 
within sense line 29. Such a vacuum would prevent the 
operation of solid state tension transducer 22. 

Flanges 24 are af?xed to the top and bottom ends of 
tape support 16.‘ A more detailed explanation of their 
structure will be presented in relation to FIGS. 3a and 
3b. Flanges 24 help guide tape 11 over arcuate surface 
23. Without ?anges 24, tape 11 would become skewed 
with respect to arcuate surface 23 and could under 
appropriate circumstances allow tape 11 to move away 
from sense port 17 so that the tension on tape 11 could 
not be measured. Referring now to FIG. 3a, flanges 24 
each comprises a ?rst semidisk-shaped member 34 as 
well as a second semidisk-shaped member 35 joined 
together. The thickness of the peripheral portion of 
members 34 is less than the thickness of the peripheral 
portion of members 35. Apertures 37 and hence the air 
bearing are located in the half of arcuate surface 23 
which is adjacent to the thinner sections of ?anges 24, 
i.e., adjacent to members 34. The reduced thickness of 
members 34 forms vents 38 between arcuate surface 23 
and members 34. Vents 38 allow air from apertures 37 in 
arcuate surface 23 to escape without impedance thereof 
and as a result prevent the edges of tape 11 from con 
tacting members 34. This reduces edge wear on tape 11. 
As an additional aid to reducing edge wear on tape 11, 
the distance between members 34 is somewhat greater 
than the width of tape 11. Vents 38 also reduce distur 
bance induced vibration in tape 11. 
The greater thickness of members 35 constrains tape 

11 and forces it to be guided by the portion of arcuate 
surface 23 between members 34. The only places where 
tape 11 contacts ?anges 24 is where members 34 and 35 
are joined. Thus, these are the only places where verti 
cal edge guiding of tape 11 occurs. While the wrap 
angle of the tape would effect the length and angle of 
contact, the tape would never contact the thin periph 
eral portion of semidisk-shaped member 34. Lip 39, 
shown in FIG. 3b, mates with arcuate surface 23 and 
forms a portion of vents 38. 
As is well known, one end of tape 11 is af?xed to a 

leader block (not shown) which is wider than tape 11 
and also wider than the distance between members 34. 
The leader block facilitates load and unload operations. 
During load and unload operations, no air bearing exists 
in arcuate surface 23. Members 34 of ?anges 24 prevent 
the leader blocks from crashing and/ or dragging on the 
air bearing portion of arcuate surface 23. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
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6 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and detail 
may be made therein without departing from the spirit 
and scope of the invention. It will be noted especially 
that although air has been described as creating the 
interface between tape and tape guiding surface, any 
appropriate gaseous medium may be used to create a 
gaseous cushion over which the tape travels. 
What is claimed is: 
1. A tape drive including a substantially cylindrical 

tape support having an arcuate surface around which a 
tape is passed and top and bottom ends, said arcuate 
surface having a plurality of apertures therein through 
which a gaseous medium can be supplied under pressure 
for supporting said tape on a gaseous cushion, said tape 
drive comprising: 

a port in said arcuate surface for sensing gaseous 
pressure between said tape and said arcuate sur 
face; 

a solid state sensing transducer connected to said 
bottom end of said substantially cylindrical tape 
support and extending perpendicular therefrom, 
said transducer coupled to said port by a right 
angle sense line, containing compacted molecules 
of said gaseous mediumy said sense line having 
substantially the same internal diameter from said 
port to said transducer, said transducer ?rst cali 
brated by putting a known amount of tension on 
said tape such that said transducer produces an 
output voltage proportional to the gain of said 
transducer multiplied by the air pressure measured 
at said port plus an offset voltage dependent upon 
said transducer, after calibration the output voltage 
of said transducer providing a direct indication of 
the pressure existing at said port and the tension on 
said tape 

a purge line located at the port end of said sense line 
providing a continuous air ?ow out of said sense 
line keeping said port clear of contaminants and 
preventing said tape from collapsing on said port 
due to a vacuum within said sense line; and 

?rst and second ?anges af?xed to the top and bottom 
ends, respectively, of said substantially cylindrical 
tape support for guiding said tape at a wrap angle 
on the order of 180 degrees around said arcuate 
surface and for maintaining said tape in substan 
tially constant proximity to said port, said ?rst and 
second ?anges each comprising a ?rst semidisk 
shaped section, and a second semidisk-shaped sec 
tion joined to said ?rst semidisk-shaped section, 
said tape contacting the ?anges and being guided 
thereby only at the points where said ?rst semidisk 
shaped and second semidisk-shaped sections are 
joined, said ?rst semidisk-shaped section having a 
peripheral portion of a thickness less than the thick 
ness of the peripheral portion of said second semi 
disk-shaped section, to form vents so that the edges 
of said tape will not contact said ?rst semidisk 
shaped section and said gaseous medium can escape 
to prevent tape vibration caused by a take-up reel. 

2. A tape drive including a substantially cylindrical 
tape support having an arcuate surface around which a 
tape is passed and top and bottom ends, said arcuate 
surface having a plurality of apertures therein through 
which a gaseous medium can be supplied under pressure 
for supporting said tape on a gaseous cushion, said tape 
drive comprising: 
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a port in said arcuate surface for sensing gaseous 
pressure between said tape and said arcuate sur 
face; 

?rst and second ?anges af?xed to the top and bottom 
ends respectively, of said substantially cylindrical 
tape support for guiding said tape at a wrap angle 
on the order of 180 degrees around said arcuate 
surface and for maintaining said tape in substan 
tially constant proximity to said port, said ?rst and 
second ?anges each comprising a ?rst semidisk 
shaped section, and a second semidisk-shaped sec 
tion joined to said ?rst semidisk-shaped section, 
said tape contacting the ?anges and being guided 
thereby only at the points where said ?rst semidisk 
shaped and second semidisk-shaped sections are 
joined, said ?rst semidisk-shaped section having a 
peripheral portion of a thickness less than the thick 
ness of the peripheral portion of said second semi 
disk-shaped section, to form vents so that the edges 
of said tape will not contact said ?rst semidisk 
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8 
shaped section and said gaseous medium can escape 
to prevent tape vibration caused by a take-up-reel; 
solid state sensing transducer connected to said 
bottom end of said substantially cylindrical tape 
support and extending perpendicular therefrom, 
said transducer coupled to said port by a right 
angle sense line, containing compacted molecules 
of said gaseous medium, said sense line having 
substantially the same internal diameter from said 
port to said transducer, said transducer ?rst cali 
brated by putting a known amount of tension on 
said tape such that said transducer produces an 
output voltage proportional to the gain of said 
transducer multiplied by the air pressure measured 
at said port plus an offset voltage dependent upon 
said transducer, after calibration the output voltage 
of said transducer providing a direct indication of 
the pressure existing at said port and the tension on 
said tape. 
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